Abstract A patient with trigeminal neuralgia may need different forms of treatment during his or her lifetime. Physicians should be aware of the different available surgical treatments, and know their effectiveness, side effects and complications. Microvascular decompression is considered by many to be the most effective treatment. The goal of the procedure is to remove the cause of pain, obtained by decompressing the nerve at its entry point into the pons. Percutaneous procedures are more easily performed but the recurrence rate of pain is higher. It is difficult to compare the results of surgical procedures reported by different authors. Therefore, we compare the efficacy of 155 microvascular decompressions with 113 radiofrequency thermocoagulations and 215 percutaneous microcompressions performed by the same surgical team. Our study confirms microvascular decompression as the most effective surgical treatment, although percutaneous procedures play an important role in the treatment protocol and have to be offered to patients as a therapeutic option.
Introduction
Trigeminal neuralgia (TN), also known as "tic doloureux", is a well known pain condition, characterized by repetitious paroxysms of unilateral facial pain. The estimated incidence is four cases per 100 000 persons [1] . Typically the pain is sudden in onset, severe in degree and short in duration. It is remittent, and with time, tends to become more and more frequent. Pain appears localized in one or more divisions of the fifth cranial nerve; more commonly it affects the lower part of the face. Spontaneous in onset, pain can also frequently be triggered by non-painful stimuli, such as touching, chewing, or talking.
The mean age at onset of TN is around 50 years, but it is becoming not so unusual to see cases of TN in younger patients. Carbamazepine is the most effective drug used in the treatment of TN and many patients are satisfactorily treated for their lifetime with pharmacological treatment. Unfortunately, with time, nearly one-half of patients either become unresponsive to medical treatment or complain of intolerable side effects, thus requiring a surgical procedure.
Among the surgical options routinely available for the treatment of TN, microvascular decompression (MVD) is the only one aimed at removing the putative cause of the disease (a conflicting vessel at the root entry zone in the pons) [2] . Such procedure, although requiring an open surgical approach, constitutes the only available conservative treatment, as it does not imply any damage to the nerve. On the contrary, other procedures, such as peripheral neurectomies and gasserian ganglion lesions performed with heat (radiofrequency), with chemicals (glycerol) or mechanically (balloons), ignore pain etiology and are aimed at producing a lesional impairment of nerve function. The main advantages of such destructive procedures are basically two: they can be performed with percutaneous techniques, and they have an acute success rate comparable to that achieved by MVD [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . It is more difficult to compare the outcome of the different procedures concerning long-term success rates, complications and side effects, especially when performed by different surgical teams [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Moreover, the majority of papers report on the results of a single procedure (Table 1) .
This report presents our experience with MVD and with two percutaneous procedures: percutaneous microcompression (PMC) and radiofrequency thermocoagulation of the gasserian ganglion (TCG). Reliable data in different procedures obtained by the same surgical team will help to choose the surgical strategy. Our algorithm for the treatment of trigeminal neuralgia is discussed.
Patients and methods
We surgically treated 483 consecutive patients for typical trigeminal neuralgia at Catholic University in Rome, between January 1982 and December 1998. There were 271 men and 212 women. The majority of patients were between 50 and 80 years, but 18 patients were between 30 and 40 years of age (Fig. 1) . In 266 cases, trigeminal neuralgia affected the right side. In 151 cases pain was confined to the second and third divisions, in 118 cases it involved all trigeminal branches, and in 81 cases pain was limited to the third branch. No sensory or motor trigeminal deficit was evident at clinical examination. All patients underwent a neuroradiological study (CT and/or MRI) to rule out the presence of tumors or demyelinating lesions as the cause of trigeminal neuralgia.
MVD was recommended for patients in good general condition. Percutaneous procedures were recommended for patients in poor general condition or in patients who did not accept open surgery. PMC was usually prefered as first treatment because of its simplicity. TCG was considered in patients with isolated or in predominant division III neuralgia and was contraindicated in cases of isolated or predominant division I pain. Overall, 155 patients were submitted to MVD of the trigeminal nerve, 113 to TCG and 215 to PMC of the gasserian ganglion.
MVD was performed through a small lateral posterior fossa craniectomy (retromastoid craniectomy) placed just below the transverse sinus. Patients were in the supine position with the head flexed and rotated towards the opposite site. The nerve was approached with microsurgical technique by a supracerebellar infratentorial route. Cerebellar retraction was minimal under these conditions and after cutting the petrosal vein, it was possible to explore completely the fifth cranial nerve, from its merge at the pons to its passage in the middle cranial fossa. Any compressing artery and eventually some veins were mobilized and repositioned with teflon felts; other compressive veins were coagulated and divided. In 28 cases no clear neurovascular conflict was evident at the operation; in 12 of them trigeminal neurolysis was performed. MVD was performed as first surgical procedure in 84 cases, while 71 patients had previously undergone one or more ablative procedures (e.g. radiofrequency rhizotomy, balloon compression, glycerol rhizotomy).
TCG was performed according to the technique described by Sweet and Wepsic [14] : a percutaneous approach was used in order to reach the foramen ovale and to position the electrode's tip under the assistance of electrical sensory and motor stimulation. The lesion was obtained by means of a temperature of 75-80 °C held [15] : under fluoroscopy, a #4 Fogarty arterial catheter was introduced into the Meckel cave, through a bluntedged thin-walled cannula. The balloon was then inflated with 0.75 ml contrast material for 1-10 minutes. This was the first surgical procedure in 103 patients, while it was adopted as second treatment in 112 cases: percutaneous ablative surgery in 95 cases, MVD in 7 cases, and both ablative procedures and MVD in 10 cases.
The analyzed outcome parameters included technical success (completion of the procedure), pain relief and its recurrence, and complications. Pain relief was evaluated, as reported by patients, on a visual analogue scale, and graded as: complete pain relief, no pain, no medications; partial pain relief, at least 50% analgesia (VAS < 5), medication needed; poor pain relief, less than 50% analgesia (VAS > 5), other surgical maneuvers needed. Immediate pain relief was evaluated within 1 week of the operation. Long-term results were assessed by clinical follow-up and telephone surveys performed by physicians not involved in the study. Mean follow-up was 45.4 months, ranging from 1 month to 168 months. The occurrence of poor pain relief was considered a failure and ended the follow-up. Furthermore, for each considered procedure, we divided patients into different groups, depending on whether the procedure was adopted as a first-or second-choice treatment. Statistical analysis was carried out to compare the outcome parameters in the 3 different procedures utilizing the χ 2 test.
Results

Microvascular decompression
MVD was performed on 155 patients aged 30-82 years (mean, 60.3 years). In 127 patients, a neurovascular conflict was identified. It originated from an artery in 111 cases, from a vein in 5 cases and from an artery plus a vein in 11 cases. Appropriate decompression was achieved in 123 cases. In the remaining 4 cases the compression was from a megadolichobasilar artery and it was not possible to securely and stably distance it from the nerve. In 28 patients no clear compression was evident; in 12 of these cases, trigeminal neurolysis was performed.
At hospital discharge ( Fig. 2) , MVD had accomplished complete pain relief in 118 patients (76.1%), partial relief in 30 (19.3%) and poor relief in 7 (4.5%). There were 99 patients available for follow-up (mean, 52.5 months). Of these, 58 (58.5%) were completely pain free, 27 (27.3%) had partial pain control, and in 14 cases (14.1%) the procedure had failed (Fig. 3) . The mean recurrence time was 12.7 months.
The 4 patients in whom an appropriate decompression was technically impossible reported complete pain relief at discharge. At follow-up (mean, 33 months), 2 of the 3 available patients still reported complete pain relief (66.6%). This success rate was not significantly different from that achieved in the whole MVD patient population. The acute and long-term outcomes in patients in whom no clear compression was evident at surgery were not significantly different from that obtained in the whole MVD population. The trigeminal neurolysis did not significantly influence the results.
MVD was performed as first procedure in 84 patients and produced complete pain relief in 65 (77.3%), partial relief in 15 (17.8%) and poor pain relief in 4 (4.8%). There were 54 patients available for follow-up (mean follow-up, 45.9 months). Of these, 32 (59.2%) had complete pain relief, 16 (29.6%) referred a partial relief and 6 (11.1%) had poor pain relief.
MVD was performed after one or more ablative procedures in 71 cases. At hospital discharge 53 patients (74.6%) had complete pain relief, 15 (21.1%) referred a partial relief and 3 (4.2%) had poor pain relief. There were 45 patients available for follow-up (mean follow-up, 54.7 months). Complete pain relief was observed in 26 cases (57.7%), partial relief in 11 patients (24.4%) and poor pain relief in 8 patients (17.9%). The acute and long-term results achieved by MVD as first surgical therapy were not statistically different from those achieved by MVD after one or more ablative procedures. 1%) . In one (0.6%) of our first cases, cerebellar infarction led to death. Permanent morbidity was represented by 2 cases of hearing dysfunction (1.2%) and by 3 cases of trigeminal hypoesthesia (1.9%).
Thermocoagulation TCG was performed in 113 patients aged 36-87 years (mean age, 59.8 years). In 95 patients (84.1%), the procedure generated trigeminal hypoesthesia. At discharge (Fig. 2) , complete pain relief was reported by 70 patients (61.9%), partial relief by 29 (25.6%) and poor relief by 14 (12.3%).
There were 87 patients available for follow-up (mean, 45.4 months). Only two patients (2.2%) were completely pain-free at follow-up (Fig. 3) . Partial pain relief was reported in 33 cases (37.9%) while poor relief was referred by 52 patients (59.7%). Mean recurrence time was 21.5 months.
The 18 patients in whom postoperative hypoesthesia was not observed did significantly worse (p < 0.001) than the whole TCG population, at both short-and long-term follow-up.
TCG was performed in 43 patients as first treatment and achieved complete relief in 29 (67.4%), partial relief in 9 (20.9%), and poor relief in 5 (11.6%) cases. Of these, 35 patients were available for follow-up (mean follow-up, 47.3 months): 14 patients (40%) referred a partial pain relief and 19 (54.2%) a poor relief; 2 patients (5.7%) still referred a complete pain relief.
TCG was performed after one or more previous procedures in 70 cases. Complete pain relief was obtained in 41 patients (58.6%), partial relief in 20 cases (28.6%) and poor relief in 9 cases (12.8%). There were 52 patients available for clinical follow-up (mean, 37.3 months); 19 of these patients (36.5%) referred a partial pain relief and 33 (63.5%) a poor relief. The results after TCG as first surgical treatment were not statistically different from those following TCG after previous procedures.
Among the patients receiving TCG, 20 (17.6%) reported marked dysesthesia requiring medical and/or surgical treatment. Disturbing masticatory muscles weakness was reported by 1 patient (0.8%).
Percutaneous microcompression PMC was performed in 215 patients aged 33-94 years (mean, 65.9 years). In 7 of them the procedure was not completed because of repeated balloon explosion (4 cases) or because the technical impossibility to enter the foramen ovale with the needle (3 cases).
At hospital discharge (Fig. 2) , complete pain relief was achieved in 145 patients (67.4%), partial pain relief in 46 (21.4%) and poor pain relief in 24 (11.2%).
There were 154 patients available for follow up (mean, 38.3 months). Of these 21 (13.6%) were completely pain free, 45 (29.2%) had a partial control of pain and 88 (57.1%) referred a poor pain relief (Fig. 3) A total of 11 patients (5.1%) complained of marked dysesthesia requiring subsequent treatment; 2 patients (0.9%) were disturbed by a marked weakness of masticatory muscles.
We compared the complete pain relief rate in the three different procedures. At hospital discharge, no statistical difference was evident among MVD, TCG and PMC rates of complete pain relief. In the long term, MVD patients did significantly better (p < 0.001) than PMC and TCG patients. We analyzed the results obtained by the three different procedures in patients with neuralgia confined to a single division, in order to compare the efficacy of the different procedures on the different branches. At hospital discharge, no significant difference was evident between the three procedures, whereas, at long term, MVD was more effective than the percutaneous procedures, regardless of the involved division.
Discussion
Percutaneous destructive procedures and MVD are rarely handled by the same author and the reports comparing the results of the different treatments are based on literature data. The point is that these data are not comparable; in fact, what is considered the goal of the procedure for one author may be considered to be an unwanted side effect for another. Taha and Tew [11] compared the results of 500 radiofrequency rhizotomies performed at the University of Cincinnati with the results of large series reported in the lit-erature including 6205 radiofrequency rhizotomies, 1217 glycerol rhizotomies, 759 balloon compressions, 1417 MVD and 250 partial trigeminal rhizotomies. They concluded that radiofrequency rhizotomy is the procedure of choice for most patients undergoing first surgical treatment, unless the patient is a healthy subject with isolated pain in the first division and/or he desires no sensory deficit; in these cases MVD is recommended. The results reported in their 500 radiofrequency rhizotomies were the following: initial pain relief 98%, pain recurrence (same distribution of the initial trigeminal pain or in an adjacent trigeminal division) 20%, facial numbness 98%, minor dysesthesia 9%, major dysesthesia 2%, anesthesia dolorosa 0.2%, corneal anesthesia 3%, keratitis 0.6%, trigeminal motor dysfunction 7%, perioperative morbidity 0.6%, perioperative mortality 0%. Importantly, in their procedure the goal was "dense hypoalgesia defined as loss of two-thirds or more of pinprick perception". In a clinical study published in Neurosurgery in 1997, Kondo [13] reported the results of MVD in 281 patients divided into two series, the first one of 127 TN patients with a mean follow-up of 12.6 ± 2.1 years and the second one of 154 patients with a mean follow-up of 7.0 ± 1.4 years. Immediate postoperative cure rates were respectively 92.9% and 96.7%, becoming at the follow-up 80.3% and 82.5% with recurrence rates of 10.2% and 6.5%. The most significant complication was hearing dysfunction: 7.1% and 4.5% in the two series. An important parameter of success taken into account by this author was the patient's satisfaction rate, in fact "if some sensory impairment is present after MVD in patients with TN despite the complete cessation of pain, patients will not be completely satisfied with the results of surgery". So, trigeminal hypoesthesia is the goal of TCG, but is a cause of unsatisfaction for MVD, influencing in opposite ways the results.
The effort of this study has been to compare the outcome of three different procedures performed by the same surgical team and evaluated with the same criteria. Three parameters were considered to comparatively evaluate the three surgical procedures: (1) technical success; (2) outcome and pain recurrence; (3) side effects and postoperative complications. 1. A review of the more recent literature shows that thermocoagulation of the gasserian ganglion is actually performed with a technical success of 98%-100% [3, 11, 16, 17] . Among the most relevant improvements of such methodology, since its first description by Sweet and Wepsic [14] , are: the utilization of curved electrodes, so to obtain a better topographical localization of the pain site, and the use of perioperative CT in those patients in which a fluoroscopic identification of the foramen ovale appears difficult [3, 11, 17] . Procedures of microcompression of the gasserian ganglion are also related to a high percentage of technical success, ranging from 89% to 100% of cases [3, 8, 11, 16] . In our series, microcompression of the gasserian ganglion was technically possible in 96.7% of cases, while TCG was completed in 84.1% of cases. Analyzing recent literature (1667 cases), Taha and Tew [11] reported 85% technical success after MVD procedures; similar rates were reported by Burchiel et al. [18] (82%) and Walchenbach et al. [7] (86%). Generally, the technical success through an MVD procedure is inferior to that through percutaneous procedures. Such data appear basically related to two main factors: a slight or absent neurovascular conflict and an evident, although not surgically correctable neurovascular conflict, i.e. from a megadolichobasilar artery [11, [19] [20] [21] . In our experience, technical success for MVD procedures was 79.4%; in fact, 18.1% of patients presented at surgery no clear vascular conflict and 2.5% had a neurovascular conflict which was not surgically correctable. 2. Literature data (Table 1) show equal acute success rates after both percutaneous and MVD procedures (total or subtotal remission of pain: TCG, 81.8%-95%; PMC, 79%-95.6%; MVD, 80%-100%) [5, 8, 10, 11, 13, 17, 18, [22] [23] [24] . A long-term analysis appears more difficult to perform due to differences in describing results and to variability of considered follow-up. As a consequence, the long-term success rates reported by different authors are also similar for the different procedures. Taha and Tew [11] , after comparing their series of radiofrequency rhizotomies with the results of large series of percutaneous procedures (radiofrequency rhizotomies, balloon compressions and glycerol rhizotomies) and with MVD, reported a success rate of 79% after PMC (mean follow-up, 4 years), 80% following TCG procedures (mean follow-up, 9 years), and 85% after MVD (mean follow-up, 5 years). Therefore the authors did not find significant differences in the outcomes among the three therapeutic options. Our experience confirms a basic similarity in the acute results, when comparing percutaneous procedures with MVD. [7, 21, 25] . Recently, Barker et al. [10] described a worse prognostic role played exclusively by previous MVD procedures but not by previous percutaneous procedures. These authors indicated a worse long-term prognosis correlated to other factors, such as the lack of an immediate postoperative disappearance of pain, the presence of an unclear neurovascular conflict and preoperative signs lasting more than eight years. This last point was criticized by Klun [26] in whose experience no data matching symptoms duration with the postoperative success were evident. More general agreement is evident concerning the analysis of correlation between an unclear neurovascular conflict and pain persistence or recurrence [10, 26, 27] . In our study no outcome differences were observed between cases harboring a clear or an unclear neurovascular conflict. In 28 patients of our series no clear conflict was noted intraoperatively and 12 patients were submitted to neurolysis of the fifth nerve root while 16 underwent only posterior fossa exploration. No prognostic differences were noted at followup in the two groups. The evidence of a statistically similar outcome for patients with a clear and successfully treated conflict and for patients with an unclear or untreatable conflict, regardless of neurolysis, could induce, in agreement with Adams [28] , that "The evidence used to support the hypothesis of microvascular conflict… is believed to be insufficient and unconvincing. The basis of MVD could be trauma of the nerve during operative dissection and decompression". If such a hypothesis is correct, neurolysis should be able to improve results. On the contrary, in our patients the outcome was not modified by the surgical trauma created by neurolysis; and this is not supporting Adams' hypothesis. 3. All surgical procedures performed to treat trigeminal neuralgia are related to a percentage of complications and side effects. Literature data describe a mortality ranging from 0.5% to 1.7% [11, 13, 19] regarding MVD procedures. The rate of CSF fistulas varies from 1.5% to 20% in absence of long-term sequelae [11] . The vast majority of long-term complications are related to cranial nerves deficits. Barker et al. [10] described permanent cranial nerves deficits in 2.9% of cases. Hypoesthesias in the fifth cranial nerve territories have been described in 0.09%-59% of cases [10, 18, 20, 23, 29] and eighth cranial nerve deficits in 1.3%-23.8% of cases [10, 11, 13, 20, 29, 30] . Seventh cranial nerve deficits have been described in 2%-3% of patients [11, 29] . The higher rates of cranial nerve deficits are reported in those conditions usually enhancing the surgical morbidity of MVD procedures, such as in the case of neurovascular conflicts difficult to correct (i.e. depending upon a megadolichobasilar artery) [20] or in case of reoperations performed to treat pain recurrence [21, [31] [32] [33] . Trigeminal dysesthesia occurs in 1.3%-19% of patients, while no cases of trigeminal anesthesia dolorosa have been described [10, 20, 21, 23, 29] . The risk of other major complications (intracranial hemorrhages, meningitis) ranges from 3% to 10% [11] . In our cases, notwithstanding a total incidence of major perioperative complications similar to literature data, we found an inferior rate of cranial nerve deficits at the long-term follow-up (trigeminal hypoesthesia, 6.4%; eighth cranial nerve deficit, 1.2%; seventh cranial nerve deficit, 0.6%); no cases of dysesthesia or trigeminal anesthesia dolorosa were observed in our patients. Percutaneous procedures, although related to almost no surgical mortality, are plagued by a large number of functionally important and often untreatable complications. Trigeminal dysesthesias are reported in 6.7%-24.2% of cases after TCG procedures [5, 16, 11, 34] and in 6%-10.6% of cases after PMC [3, 8, 11, 16, 34] . 0.2%-9% of patients submitted to TCG and 0%-1.3% of patients who undergo PMC show areas of painful anesthesia [11, 16] . Regarding PMC procedures, corneal areflexia appears as a less frequent long-term complication (PMC, 1.5%-2.6%; TCG, 15%-23%), while a higher rate of masticatory muscles deficit is observed (PMC, 1.3%-66%; TCG, 0%-40%); such deficits are often transitory and improve spontaneously within 6 months [11, 16, 34, 35] . Taha and Tew [11] proposed that more circumscribed lesions, focused on the areas affected by pain, permit to remarkably reduce trigeminal sensitive complications related to TCG procedures. These authors observed major areas of dysesthesia in 2% of patients, while areas of anesthesia dolorosa appeared in 0.2% of cases. In our experience, the incidence of major dysesthesias was 5% after PMC and 17.6% after TCG. It is quite clear, looking at our results, that even though acute success rates could be considered acceptable for all the utilized procedures, long-term results are acceptable only for MVD. This analysis does not imply that percutaneous procedures are not of clinical utility. Many patients can be treated by percutaneous maneuvers, but will need many procedures and continuous care. Other cases will need different types of operations and every patient should be involved in the choice of his treatment after a clear and detailed analysis of the risks and results of each choice. We found the same outcome from MVD when performed as first or second treatment. Some of our patients, after this observation, decided to first undergo a percutaneous procedure and if pain recurred after a short time, they asked for MVD.
